Introduction 751
No of Supporting Information files 12 (Figs S1-S10 ; Putative PSY orthologs were identified by NCBI Protein BLAST analysis using the 1 0 6 default settings for short sequences (Altschul et al., 1990) . For Solanum lycopersicum BLAST 1 0 7 was performed using the Sol Genomics Network with the BLOSUM 62 matrix 1 0 8 whereas seedlings grown on plates without peptide had an average root length of 54 mm. Similar 2 4 0 root growth-promoting effects were observed in experiments using AtPSY1 and OsPSY1a 2 4 1 peptides ( Fig. 2a, b ).
4 2
We also performed root growth experiments on an Arabidopsis line lacking AtTPST, the 2 4 3 tyrosine sulfotransferase responsible for modification of PSY, PSK and RGF peptides (Komori 2 4 4 et al., 2009; Matsuzaki et al., 2010) . tpst-1 mutant plants are dwarf and have stunted roots 2 4 5 (Komori et al., 2009) Treatment of tpst-1 2 4 9
(AtPSK), whereas PSK promotes root growth of wild-type Col-0 and At1g72300 (Fig. 4) . These 3 0 0 results indicate that At1g72300 is not required for perception of RaxX21-sY or AtPSY1.
3 0 1 3 0 2
RaxX21-sY and PSY do not attenuate elf18-induced growth inhibition 3 0 3
Exogenous addition of PSK has previously been shown to attenuate the Arabidopsis 3 0 4 immune response to biotrophic pathogens (Igarashi et al., 2012; Mosher & Kemmerling, 2013;  3 0 5 Mosher et al., 2013) . Although PSK and AtPSY1 share no sequence similarity, they have 3 0 6 nevertheless been hypothesized to serve similar roles (Mosher & Kemmerling, 2013;  Mosher et 3 0 7 al., 2013; Matsubayashi, 2014) . Thus, we hypothesized that induction of PSY signaling by PSY 3 0 8
or RaxX21-sY may also attenuate plant immune responses. To test this hypothesis, we employed 3 0 9 a seedling growth inhibition assay. Arabidopsis seedlings were grown in the presence of the 3 1 0 bacterial elicitor elf18, which causes activation of immune response and impairs growth. We 3 1 1 demonstrated that co-incubation of seedlings with PSK attenuates elf18-mediated growth 3 1 2 inhibition as previously reported (Igarashi et al., 2012) (Fig. S7 ). However, RaxX21-sY and 3 1 3
AtPSY1 do not prevent elf18-triggered growth inhibition in Arabidopsis under the conditions 3 1 4 tested (Fig. S7) . These results indicate that RaxX21-sY and PSY1 do not have the same effects 3 1 5 on immune modulation as PSK in Arabidopsis seedlings in response to elf18 treatment. Activation of XA21-mediated immunity by RaxX21-sY triggers a number of immune 3 2 0 responses including production of reactive oxygen species (ROS), induction of marker gene 3 2 1 expression, and production of ethylene (Pruitt et al., 2015) . These immune responses are tightly 3 2 2 regulated, because aberrant activation of immunity can have negative effects on plant growth and 3 2 3
health (Spoel & Dong, 2012; Rodriguez et al., 2015) . We therefore hypothesized that XA21 3 2 4 would specifically recognize RaxX but not the homologous PSY peptides.
2 5
We have previously shown that RaxX21-sY treatment induces robust ROS production in 3 2 6 rice leaves expressing XA21 (Pruitt et al., 2015) . Therefore, to assess XA21-mediated 3 2 7 recognition of the sulfated peptides, we measured ROS production in XA21 rice leaves upon 3 2 8 treatment with water, RaxX21-sY, AtPSY1, or OsPSY1a (Fig. 5a ). Unlike RaxX21-sY, AtPSY1 3 2 9
and OsPSY1a failed to induce ROS production in XA21 rice leaves. Robust ROS production was 3 3 0 not observed in rice leaves lacking XA21 ( Fig. 5b ). PSK also failed to activate XA21-mediated 3 3 1 immune response ( Fig. 5a, b ). These results suggest that the XA21 and PSY receptor(s) have 3 3 2 different specificities. PSY signaling with respect to primary root growth is activated by both 3 3 3 PSY and RaxX (Fig. 2) , whereas the XA21-mediated immune response is only activated by 3 3 4
RaxX.
5
To further delineate the region of RaxX required for PSY-like activity and activation of 3 3 6 XA21, we synthesized two smaller RaxX peptides based on similarity to AtPSY1. RaxX16-sY 3 3 7
begins with the aspartate (D40) at the beginning of the PSY-like motif (Fig. 1a ). RaxX13-sY also 3 3 8 begins with D40 but is C-terminally truncated relative to RaxX21-sY and RaxX16-sY ( Fig. 1a ).
9
RaxX13-sY contains the region of highest similarity shared between the RaxX and PSY peptides 3 4 0 ( Fig. 1, S1 ). Both the RaxX13-sY and RaxX16-sY peptides are still capable of promoting root 3 4 1 growth in Arabidopsis and rice ( Fig. 5c, d ). We next tested whether these peptides could activate 3 4 2 XA21-mediated immunity in the same manner as RaxX21-sY (Pruitt et al., 2015) . In some cases, the ability of a pathogen to mimic a host biological process can facilitate 3 6 6 pathogen infection (Weiler et al., 1994; Melotto et al., 2006; Mitchum et al., 2012; Chen et al., 3 6 7
2015). We therefore tested if RaxX contributes to the virulence of Xoo in plants lacking XA21.
6 8
We did not observe an effect of RaxX on disease lesion development in TP309 rice leaves using 3 6 9 standard scissor clipping inoculation (a high inoculum concentration of 10 8 colony forming units 3 7 0 per mL) (da Silva et al., 2004; Pruitt et al., 2015) . Inoculating with a low inoculum concentration 3 7 1 is known to reveal subtle virulence differences between strains (Starkey & Rahme, 2009). Thus, 3 7 2
we challenged TP309 leaves with PXO99 strains at a density of 10 6 colony forming units per mL.
7 3
Under this condition, the PXO99ΔraxX strain, but not the complemented strain 3 7 4 (PXO99ΔraxX(praxX)), formed shorter lesions compared with wild-type PXO99 (Fig. 7a ). We after inoculation (Fig. S8 ). These results suggest that RaxX is a virulence factor that facilitates 3 8 5
Xoo infection and that RaxST-mediated sulfation is also required for this virulence activity. In a classical evolutionary arms race, both the pathogen and host develop and deploy an 3 8 9
arsenal of strategies to infect or resist their partner. For example, many pathogens secrete an 3 9 0 array of molecular factors designed to manipulate host biology and suppress the immune 3 9 1 response. In turn, plants have developed a set of immune receptors that recognize these 3 9 2 molecules or their activities and launch mechanisms to destroy the pathogen, which the pathogen 3 9 3 then tries to counter.
9 4
The findings reported here and in previous studies, suggest a model where Xoo produces, 3 9 5
sulfates, and secretes a peptide that mimics PSY peptides (da Silva et al., 2004; Pruitt et al., 3 9 6 2015) ( Fig. 8 ). Plants evolved the receptor XA21 to specifically recognize the bacterial mimic, 3 9 7
allowing it to launch a defense response in the presence of the pathogen but not in the presence 3 9 8 of the highly similar PSY peptide hormones, which are predicted to be necessary for normal 3 9 9 growth and development.
0 0
The hypothesis that RaxX is a mimic of PSY is well supported by the high level of 4 0 1 sequence similarity ( Fig. 1 al., 2007; Pruitt et al., 2015) , and the similar growth promoting activities of both peptides ( 
0 9
Due to the similar sequence and functional mimicry in root growth promotion we 
3 4
Arabidopsis seedlings overexpressing AtPSY1 not only have longer roots, but also larger 
5
In this paper we demonstrate that XA21 can be activated by RaxX16 but not by RaxX13, 
5 2
Mutation of A46 has a partial effect. Interestingly, these residues are not required for root growth 4 5 3 promoting activity. For example, RaxX24-Xoc contains amino acid differences at positions 44, 4 5 4 46 and 48, but is still capable of inducing root growth in Arabidopsis ( Fig. 6 , S2, Table S1 ).
5 5
Comparison of the RaxX-Xoo and RaxX-Xoc sequences with rice PSY sequences 4 5 6
suggests the possibility that RaxX from the Xanthomonas strains have evolved to mimic different 4 5 7
PSY peptides. The three residues from RaxX-Xoo (strain PXO99) which are required for 4 5 8
recognition by XA21 are identical to those in OsPSY1a (Fig. S9) . In contrast, the amino acids of 4 5 9
RaxX-Xoc (strain BSL256) are similar to those in OsPSY2. If these two peptides have evolved to affinities would allow for a more complex and tunable signaling network.
6 5
To further investigate the possibility that RaxX may have evolved to mimic specific host 4 6 6
PSY peptides, we compared the sequences of RaxX13 and PSY from various species (Fig. 1B , 4 6 7 S10). We did not observe a correlation between the sequences of RaxX from the pathogen and 4 6 8
PSYs from a compatible host ( Fig. S10 ). However, alignment of the 13-amnio acid region did 4 6 9
highlight variation at positions 5, 7, and 9. These residues correspond to RaxX amino acids 44, 4 7 0 46, and 48, which are important for XA21 recognition. Notably, the variation is not random. For the PSY receptor(s) may simply be able to accommodate serine or proline at this position.
7 5
Further research, including the characterization of the PSY receptor(s), will help address 4 7 6
questions of specificity and lead to a greater understanding of PSY signaling.
7 7
The study of microbial mimicry of host molecules provides insight into both host and 05CH11231. We thank Birgit Kemmerling (Tübingen University) for helpful discussion and for 4 9 8
providing the AtPSKR1/AtPSKR2/At1g72300 triple receptor mutant seeds used in this project. (Table S1 ). Experiments were performed at least two times with similar results. Experiments were performed at least two times with similar results. Experiments were performed at least five times with similar results. PSY is produced and detected by plant cells to regulate growth. RaxX is produced in Xoo, sulfated by RaxST, and secreted by a type I secretion system composed of RaxA, RaxB, and RaxC. Secreted sulfated RaxX induces signaling through the endogenous PSY receptor(s). The wild rice O. longistaminata subsequently evolved the immune receptor XA21 which is activated by RaxX, but not endogenous PSY peptides.
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